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(57) ABSTRACT 

An apparatus performs simultaneous data monitoring, log 
ging, and controlling of the state of a system. The apparatus 
includes at least one system sensor that provides a sensor 
data signal corresponding to a system characteristic of Which 
the sensor is detecting, a memory that stores data and 
program instructions, at least one output port that provides 
an output signal to the system, a timing source that provides 
clock timing signals, and a microprocessor that receives the 
sensor data signal and executes the program instructions to 
monitor and log data corresponding to the data signal 
received from the system sensor and to provide system 
control data to the output port, in accordance With the clock 
timing signals. The system sensor and other components can 
be easily ?tted to the system. The apparatus memory permits 
programming that can be adjusted to complement the system 
to Which the apparatus is ?tted. The apparatus can ef?ciently 
record the system data that is collected by the sensor. 
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APPARATUS AND METHOD FOR SIMULTANEOUS 
MONITORING, LOGGING, AND CONTROLLING 

OF AN INDUSTRIAL PROCESS 

REFERENCE TO PRIORITY DOCUMENT 

[0001] This application claims the bene?t of priority of 
co-pending US. Provisional Patent Application Serial No. 
60/354,669 entitled “Apparatus and Method for Simulta 
neous Monitoring, Logging, and Controlling of an Industrial 
Process”, by M. Streichsbier et al., ?led Feb. 5, 2002. 
Priority of the ?ling date of Feb. 5, 2002 is hereby claimed, 
and the disclosure of the Provisional Patent Application is 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to devices for con 
trolling and monitoring processes. In particular, the devices 
may be used for the process control and monitoring of 
engine exhaust treatment systems. 

[0004] 2. Description of the Related Art 

[0005] An internal combustion engine generates exhaust 
gases that includes components that are regarded as pollut 
ants, such as carbon monoxide (CO) and oxides of nitrogen 
(NOx). Many engines are ?tted With an exhaust treatment 
system to reduce the exhaust gas pollutants emitted by the 
engine. Exhaust treatment systems that are retro?tted to an 
in-use engine can be passive or active in nature. Typically, 
passive exhaust treatment systems are simply connected to 
the engine exhaust stream and cannot respond to unusual 
conditions outside of their design parameters. 

[0006] An example of a passive system is a diesel par 
ticulate ?lter (DPF) such as the “CRT” (Continuously 
Regenerating Trap) particulate ?lter product available from 
Johnson Matthey of Malvern, Pa., USA. A DPF places a 
?lter in the path of the exhaust stream to trap pollutants that 
Would otherWise be released as part of the exhaust. These 
types of exhaust treatment systems typically require periodic 
maintenance and in some instances might require immediate 
attention to maintain proper operation (i.e., effective exhaust 
treatment). Therefore, it is necessary to continuously moni 
tor the engine exhaust gas components during engine opera 
tion. An active system, for example, a DPF With exhaust 
brake, a DPF With reagent injection, or a lean NOx catalyst 
With reductant reagent injection, requires a controller for 
proper function. 

[0007] The Johnson Matthey company provides a 
“CRTdm” (CRT Filter diagnostic module) product, a moni 
toring apparatus for particulate ?lters. The “CRTdm” has 
tWo inputs (a thermocouple and an analog voltage), four 
LED outputs, and includes a data logging capability. The 
“CRTdm” apparatus, hoWever, does not alloW control of an 
injector or valve. 

[0008] In addition to system monitoring, it is also impor 
tant to record engine operating conditions for future analysis 
and to provide information for troubleshooting malfunc 
tions. For example, if a DPF is approved for application on 
a vehicle With a duty cycle that results in high exhaust 
temperature, but the vehicle is operated under a duty cycle 
With signi?cantly colder exhaust temperature, a record of the 
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engine operating conditions, such as a data log, Would 
document the out-of-speci?cation operating conditions. In 
addition, the data log may be used to document the regu 
larity of scheduled maintenance. 

[0009] National Instruments Corporation of Austin, Tex., 
USA has a line of data acquisition and control systems that 
is generally ?exible and programmable (vieWable on the 
Internet “World Wide Web” at the URL of WWW.ni.com). 
The systems, hoWever, tend to be relatively expensive, 
complex, and generally require a personal computer to 
operate. For example, National Instruments Corporation 
provides a “LabVIEW” softWare product that supports 
development of measurement and control applications using 
a graphical user interface. The softWare runs on a personal 
computer and contains various modules for data collection, 
instrument input/output, and data processing. One of the 
modules provides a histogram tool, as described in “Lab 
VIEW Statistical Process Control Tools” User Guide, docu 
ment 322042A-01. 

[0010] US. Pat. No. 5,373,733 to Fuchs et al. entitled 
“Exhaust ?lter backpressure indicator”, indicated as 
assigned to Donaldson Company, Inc. of Minneapolis, 
Minn., USA, describes an exhaust ?lter backpressure indi 
cator that includes a sensor for measuring the backpressure 
and the exhaust system. The sensor sends a signal that is 
processed for indicating that an exhaust ?lter element is 
?lled. The indicator operates according to engine operating 
speeds (RPM) and according to exhaust back pressure. 
There is no description of any data logging function. 

[0011] US. Pat. No. 6,234,176 to Domac et al. entitled 
“Data logger for transportable life support system”, indi 
cated as assigned to Integrated Medical Systems, Inc., of 
GreenWich, Conn., USA, describes a technique for logging 
information representative of the operation of medical 
devices, such as those of a transportable life support system. 
The technique includes isolation circuitry designed to miti 
gate electronic interference With the medical devices. 

[0012] US. Pat. No. 5,564,285 to JureWicZ et al. entitled 
“Method of converting a time based data logger to a time 
and random event based data logger” is indicated as 
assigned to Thermo King Corporation of Minneapolis, 
Minn., USA. The JureWicZ patent describes a method of 
processing data logger inputs to alloW both asynchronous 
logging of data (i.e., event-based data such as equipment 
malfunction) and also synchronous logging of data (i.e., 
time-series data stored at predetermined constant time inter 

vals). 
[0013] US. Pat. No. 5,623,416 to Hocker entitled “Con 
tact closure data logger”, indicated as assigned to Onset 
Computer Corporation of Pocasset, Mass., USA, describes a 
contact closure data logger that monitors state changes in a 
main sWitch, and records the time at Which the state changes 
occur. Operational features to conserve poWer are included. 
The logger is described in the context of energy usage 
monitoring and for use With tipping bucket rain gauges. 

[0014] US. Pat. No. 6,144,717 to Rodrigues entitled 
“Wheel mounted data logger” describes a Wheel mounted 
data logger With an odometer for mounting at a hub of a 
Wheel of a vehicle and response to turning of the Wheel, an 
hour meter for mounting on a structure of the vehicle and 
response to running of an engine of the vehicle, and micro 
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controller for mounting on the vehicle and receiving, record 
ing and transmitting the responses of the odometer and hour 
meter. The Wheel logger obtains information about operation 
of the vehicle to Which it is mounted. 

[0015] US. Pat. No. 4,817,118 to Wilburn et al. entitled 
“Mobile incident logger”, indicated as assigned to Step 
Engineering of Sunnyvale, Calif., USA, describes a mobile 
incident logger for monitoring an on-board, automotive, 
computer and signal levels developed by analog and digital 
sensors, the logger employing a coverage monitor, Which 
records Which memory locations are accessed by the com 
puter; a cycle tag counting unit, Which counts bus cycles of 
the computer; a discriminator, Which detects the occurrence 
of incidents the logger is to record; a trace memory unit, 
Which stores bus states of the computer; a trace memory 
unit, Which stores memory variables of the computer; a 
discriminator, Which detects the occurrence of some of the 
incidents the logger is to record; and a trace memory unit, 
Which stores the sensor signals. 

[0016] German Patent Application No. 36 09 428 is 
directed to “A Method and a Device for Testing Devices of 
a Motor Vehicle for a Fault-Free Condition”. The application 
discloses the detection and storing of faults, both With 
respect to the input and output signals, as Well as to the 
internal signal processing of a control unit, and the output 
ting of the same in response to a request signal. Speci?cally, 
the memory, into Which possible fault signals are Written, is 
queried on a block by block basis in response to a request 
signal and, moreover, there is a ranking of the faults When 
they are output to the display. 

[0017] German Patent Application No. 40 38 972 is 
directed to a “Device for Computing a Motor-Vehicle Ser 
vice Interval”. It provides for various operational values to 
be recorded, such as number of starts, crankshaft revolu 
tions, driving and parking times, engine temperature, engine 
oil pressure and the like, and for the service interval to be 
calculated from the values by a computer. 

[0018] Several commercially available data loggers are 
knoWn, including the Pace Scienti?c Pocket Logger, the 
Onset Computer HOBO, Omega data loggers, and loggers 
from Campbell Scienti?c. 

[0019] Another important function to be performed is that 
of actively controlling a process. For example, an active 
exhaust treatment system might include components that 
adjust engine operation to achieve a desired exhaust emis 
sions characteristic or otherWise adjust system operation to 
be Within predetermined operating parameters. Such adjust 
ments can be initiated by an appropriately designed control 
ler. 

[0020] There are many controllers for engines and engine 
exhaust aftertreatment systems. Some systems involve ?t 
ment of selective catalytic reduction (SCR) systems and 
have controllers that monitor the engine and aftertreatment 
system, and also control the injection of a reducing agent. 
Examples of manufacturers Who provide such SCR systems 
include HUG Engineering AG of Raterschen, SWitZerland 
and Siemens AG of Regensburg, Germany. Such systems 
can be both mobile and stationary. 

[0021] In addition to engine and engine exhaust treatment 
systems such as described generally above, other industrial 
processes Would bene?t from improved monitoring, log 
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ging, and control. Such processes can include, for example, 
chemical plants, fuel processing plants, and the like. 

[0022] Because data logging can require a relatively large 
amount of data storage space, ef?cient data recording can be 
important. Commercially available data loggers and data 
acquisition systems typically use constant logging intervals 
(e.g., record the sensor values every 10 seconds until the 
user chooses another value). The use of a constant logging 
interval is highly inef?cient for data logging of vehicles 
because there are many time periods Where sensor values do 
not change. For example, a truck driving at a steady speed 
on the open highWay, or a bus stopped and Waiting to run to 
the next route repetition, Will both exhibit little change in 
their operating conditions and sensor values. 

[0023] Thus, there is a need for combinations that provide 
monitoring, logging, and control functions and that can be 
easily ?tted to systems. In addition, there is a need for 
ef?cient recording of system data for such combinations. 
The present invention satis?es these needs. 

SUMMARY 

[0024] The present invention is directed toWard an appa 
ratus that can perform simultaneous data monitoring, log 
ging, and control functions relating to a system. The appa 
ratus includes at least one system sensor that provides a 
sensor data signal corresponding to a system characteristic 
detected by the sensor, a memory that stores data and 
program instructions, at least one output port that provides 
an output signal to the system, a timing source that provides 
clock timing signals, and a microprocessor that receives the 
sensor data signal and executes the program instructions to 
monitor and log data corresponding to the data signal 
received from the system sensor and to provide control data 
to the output port that thereby controls a device affecting the 
system, in accordance With the clock timing signals. The 
system sensor and other components can be easily ?tted to 
the system for Which monitoring, logging, and control are 
being performed. The apparatus memory stores the pro 
gramming instructions and permits modi?cation of the 
instructions to adjust apparatus operation and complement 
the system to Which the apparatus is ?tted. The apparatus can 
ef?ciently record the system data that is collected by the 
sensor using adaptive data logging and differential recording 
schemes, With or Without controlling a device affecting the 
system. 

[0025] The apparatus can be applied to a Wide variety of 
systems and industrial processes. For example, the apparatus 
can be ?tted to vehicle engine exhaust treatment systems to 
record exhaust gas pollution levels, adjust operation of the 
exhaust treatment system, and thereby provide a cleaner 
exhaust. The apparatus can also be ?tted to industrial 
processes, such as chemical processing plants and poWer 
generation facilities, and other systems that are operated 
according to process controls and monitored conditions. The 
apparatus thereby provides a relatively inexpensive, com 
pact, efficient, programmable con?guration that simulta 
neously monitors, logs, and controls a process. 

[0026] Other features and advantages of the present inven 
tion should be apparent from the folloWing description of the 
preferred embodiment, Which illustrates, by Way of 
example, the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is a block diagram of a system constructed 
in accordance With the present invention. 

[0028] FIG. 2 is a schematic diagram of an engine exhaust 
treatment system that performs simultaneous data monitor 
ing, logging, and control functions in accordance With the 
present invention. 

[0029] FIG. 3 is a block diagram that shoWs the micro 
processor and associated components of the FIG. 2 appa 
ratus. 

[0030] FIG. 4 is a schematic diagram of random access 
memory in the FIG. 2 system. 

[0031] FIG. 5 is a chart that illustrates data collected in a 
system at the rate of one data recording interval for 400 
seconds. 

[0032] FIG. 6 is a chart that illustrates data collected by 
the FIG. 2 system in accordance With adaptive data logging 
in accordance With the invention. 

[0033] FIG. 7 is a How diagram that illustrates the opera 
tional How of the FIG. 2 system. 

[0034] FIG. 8 is a How diagram that illustrates processing 
to perform the FIG. 7 operation of checking for broken 
sensors (box 708). 

[0035] FIG. 9A and FIG. 9B together illustrate the data 
processing and logging operations of box 710 (FIG. 7). 

[0036] FIG. 10 is a flow diagram that illustrates process 
ing to perform the FIG. 7 operation of checking for system 
faults and unusual operating conditions. 

[0037] FIGS. 11, 12, and 13 shoW data illustrating an 
example of the fault WindoW feature that shoWs the real time 
data (FIG. 11) and the fault WindoW recorded data points for 
a ?rst fault condition (FIG. 12) and a second fault condition 

(FIG. 13). 

DETAILED DESCRIPTION 

[0038] A process monitoring, logging, and control appa 
ratus is provided that can perform simultaneous data moni 
toring, logging, and controlling of the state of a system. 
Providing a single apparatus that simultaneously performs 
all three functions provides a relatively inexpensive, com 
pact, ef?cient, programmable con?guration for simulta 
neously monitoring, logging, and controlling a process. It is 
generally knoWn to provide a device that performs process 
control, or data logging, or monitoring, but the present 
invention provides all three functions in an apparatus of a 
single design and construction, in a compact, self-contained 
system. Thus, it is not necessary to combine several separate 
devices together to obtain the functionality achieved by the 
present apparatus. In the embodiments described beloW, 
innovative data processing tools are provided. 

[0039] FIG. 1 is a block diagram of an apparatus 100 
constructed in accordance With the present invention for 
monitoring, logging, and control of an underlying system 
that implements an industrial process. The industrial process 
system is not illustrated in FIG. 1 for simplicity of illustra 
tion. The apparatus 100 includes at least one sensor 102 that 
generates a data signal corresponding to a system charac 
teristic of Which the sensor is designed to detect. In FIG. 1, 
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the apparatus is depicted With multiple sensors 102 desig 
nated Sensor 1, Sensor 2, Sensor 3, and so forth through 
Sensor n. Each one of the sensors generates a data signal in 
accordance With its corresponding system operating charac 
teristic. The sensors 102 interface to a multiplexer (MUX) 
104 that receives the corresponding data signals and pro 
vides them to a microcontroller or microprocessor 106. 

[0040] The apparatus 100 also includes memory compris 
ing, for example, nonvolatile memory 108 and static random 
access memory (SRAM) 110 that stores data and program 
instructions, and also includes at least one output port 112 
that supports interfacing the apparatus to one or more output 
devices, Which can be part of the system being monitored, 
logged, and controlled. For example, the output port 112 can 
provide a control signal to an output device comprising an 
industrial process mechanism of the system. The micropro 
cessor 106 can receive the data signals and can read the 
program instructions, causing execution of the instructions 
to perform data monitoring, logging, and control functions 
in accordance With the data signals. That is, the micropro 
cessor can provide control data to the output port 112 to 
interface With the system and thereby control it. The appa 
ratus 100 also includes a timing source 114, such as a 
real-time clock, that provides clock timing signals. The 
microprocessor 106 operates in accordance With the clock 
timing signals. 
[0041] The microprocessor 106 and associated compo 
nents 104, 106, 108, 110, 112, 114 can be advantageously 
packaged in a single unit, such as components mounted on 
a circuit board and enclosed Within a housing. The micro 
processor and associated components, along With the sen 
sors 102, can be easily ?tted to the system being monitored, 
logged, and controlled, even after the system has been 
placed in service. For example, it can be ?tted to an engine 
that is operating in a vehicle or at an installed location. The 
non-volatile memory 108 can comprise nonvolatile memory 
chips of the FLASH type that can be read by the micropro 
cessor 106 so as to operate in accordance With stored 
program instructions. In this Way, the microprocessor is 
programmable for operation complementary to the system to 
Which the apparatus is ?tted. As described further beloW, the 
apparatus 100 can efficiently record the system data that is 
collected by the sensors 102. 

[0042] As noted above, the microprocessor 106 and 
related components can be implemented in a circuit board 
and associated electrical and electronic devices. For 
example, in a preferred embodiment, the associated devices 
can include signal conditioning circuits, a microcontroller 
With analog-to-digital and digital-to-analog conversion cir 
cuits, non-volatile memory chips, poWer circuitry, and 
assorted output creating circuits. 

[0043] Thus, the collection of components depicted in 
FIG. 1 can be ?tted to an industrial process so as to comprise 
a monitoring, logging, and control apparatus in accordance 
With the invention. As described further beloW, adaptive data 
logging and differential recording schemes can be used With 
both passive systems and active systems to more ef?ciently 
monitor sensors and log sensor data. In the case of a passive 
system, the output port 112 can be connected to indicator 
lights or other status indicators. 

[0044] In one embodiment, for example, Where the moni 
toring, logging, and control apparatus is to be used With a 
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general industrial process, the apparatus can comprise the 
following hardWare features that are suitable for a variety of 
applications: 

[0045] (a) Input channels and signal conditioning for 
frequency, thermocouples, resistance temperature 
detectors, or sensors that produce output data signals 
in a predetermined range of signal magnitude, such 
as 0-5 VDC; 

[0046] (b) PoWer electronics that accept a predeter 
mined range of input voltage signal magnitude, such 
as 1-240 VDC or VAC input, convert to the voltage 
used by the microcontroller and the sensors (typi 
cally 0-5 VDC), and regulate this voltage for ef?cient 
operation, such that this poWer ?exibility alloWs the 
apparatus to be used in many industrial settings; 

[0047] (c) Circuitry to prevent circuit damage 
through over-voltage input; 

[0048] (d) Analog-voltage output for controlling pro 
cess equipment; 

[0049] (e) Digital-voltage output for controlling pro 
cess equipment; 

[0050] One or more static random access memory 

(SRAM) chips; 
[0051] (g) Real-time clock circuit; 

[0052] (h) Circuits (and softWare routines) to connect 
to a PC, transmitting station, or handheld computer 
(any suitable protocol could be used, such as RS-232 
or a Wireless standard such as IEEE 802.11b); 

[0053] LED or relay driver output for feedback to 
the operator; and 

[0054] Relay driver output. 

[0055] In another embodiment, Where the apparatus is to 
be part of a system for treatment of the exhaust of internal 
combustion engines, the folloWing hardWare features are 
preferably included in addition to those listed above: 

[0056] (k) PoWer electronics that accept a predeter 
mined range, such as 10-36 VDC (this range typi 
cally alloWs use on 12 VDC and 24 VDC systems); 

[0057] (l) Pulse-Width modulation outputs for injec 
tors, stepper motors, or other pulse-Width driven 
devices; 

[0058] Circuitry for analog inputs that are in a 
predetermined signal range, such as 0-5 VDC; 

[0059] (n) Circuitry that can regulate and smooth a 
choppy and ill-behaved input Waveform and that can 
accept input Waveforms that vary from 0.5 to 30 V 
and can be sinusoidal, saWtooth, square Wave, or a 
combination of the three; 

[0060] (o) Circuits connecting to the Controller Area 
Network (CAN) of a vehicle or generator, and for 
handling any messaging tasks; 

[0061] (p) A pressure sensor that is directly soldered 
to the printed circuit board and integrated into the 
electronic design of the apparatus; and 
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[0062] (q) Circuitry to access global positioning 
information through use of an in-system global posi 
tioning system (GPS) receiver, or through electrical 
interface With a preexisting GPS device. Optionally, 
the device contains softWare that determines in 
Which air quality management district (i.e., geo 
graphic location) the vehicle is operating so that 
emission reduction credits can be assigned to the 
appropriate district. 

[0063] The sensors used in the apparatus can be tailored to 
the system for Which monitoring, logging, and control are 
being performed. For example, for exhaust treatment sys 
tems that reduce the engine’s NOx emissions and utiliZe an 
engine exhaust catalyst, the exhaust treatment system 
optionally includes tWo sensors that continuously measure 
the NOx concentration in the exhaust before and after the 
catalyst. The NOx reduction caused by the treatment system 
is continuously monitored and the results are stored in the 
apparatus memory. Thus, the actual in-use performance of 
the NOx control is recorded. 

[0064] FIG. 2 is a schematic diagram that shoWs an 
embodiment in Which a monitoring, logging, and control 
apparatus 200 such as described above is ?tted to an exhaust 
catalyst assembly 202 to comprise an exhaust treatment 
system of an internal combustion engine (not illustrated), 
such as a diesel engine. The exhaust stream of the internal 
combustion engine is passed through the exhaust catalyst 
assembly 202, Which could include combinations of such 
technology as an NOx reduction catalyst (NRC) module, an 
NOX adsorber, a selective catalytic reduction catalyst, a 
diesel oxidation catalyst, or a diesel particulate ?lter (DPF) 
module. The engine exhaust is received at an inlet 204 of the 
catalyst assembly and is emitted from an outlet 206 of the 
catalyst. The apparatus sensors include tWo thermocouples 
that function as exhaust gas temperature sensors, one sensor 
TC1 at the catalyst inlet 204 and another sensor TC2 at the 
catalyst outlet 206. The apparatus also includes a backpres 
sure sensor BP at or near the catalyst inlet. The temperature 
sensors TC1 and TC2 preferably are provided by tWo Type 
K thermocouples that are ampli?ed and cold-junction com 
pensated by an integrated circuit, such as an AD597 from 
Analog Devices Inc. 

[0065] An apparatus monitoring, logging, and control 
(MLC) microprocessor 208 receives the data signals pro 
duced by the sensors TC1, TC2, and BP. The MLC micro 
processor also can receive data signals from one or more 
engine sensors 210 as needed, such as sensors for engine 
speed, ambient temperature, throttle position, and the like. 
The MLC microprocessor 208 monitors the engine operating 
conditions via the engine sensor signals, monitors and logs 
the exhaust treatment operation via the signals from the 
apparatus sensors TC1, TC2, BP, and controls reagent addi 
tion to the exhaust gas stream. Adding reagent to the exhaust 
gas stream can improve the exhaust gas interaction With the 
catalyst assembly 202. Examples of reagents include diesel 
fuel, urea, ammonia, on-board generated hydrogen, and 
various alcohols. Therefore, the apparatus 200 adds reagent 
to the exhaust gas stream at the catalyst inlet 204. The MLC 
microprocessor illustrated in FIG. 2 includes memory for 
storage of the logged data and of program instructions. 

[0066] The MLC microprocessor 208 determines a 
reagent addition rate and controls an exhaust stream reagent 



US 2003/0200022 A1 

injector 212 at the catalyst inlet 204 to add reagent to the 
exhaust stream at the determined rate. The added reagent 
provides a reducing agent for the catalyst assembly (if 
appropriate), or a source of heat for the DPF. The backpres 
sure sensor BP monitors exhaust backpressure caused by the 
catalyst assembly 202. If a DPF is installed, the sensor BP 
monitors the soot loading on the DPF and indicates When the 
?lter requires servicing. 

[0067] In the FIG. 2 system, the reagent that is added to 
the exhaust through the injector 212 is draWn from a reagent 
supply tank 214 (or directly from the engine fuel system if 
the reagent is the same chemical as the vehicle fuel). Apump 
and ?lter 216 (possibly as an integrated combination) pres 
suriZes the reagent that is delivered to the injector 212. The 
injector is mounted doWnstream of the engine and upstream 
of the catalyst 202, such as at the catalyst inlet 204. Areagent 
monitoring and regulation assembly 218 includes a pressure 
sWitch, regulator check-valve, and shut-off solenoid valve 
that operate to monitor and regulate the How of the added 
exhaust reagent. 

[0068] The programming of the MLC microprocessor 208 
permits it to monitor the exhaust treatment system by 
receiving the data signals from the TC1, TC2, BP, and 
engine sensors 210. The memory of the microprocessor 208 
stores operating data for later revieW, as described further 
beloW. Lastly, the microprocessor controls the operation of 
the exhaust reagent injector to inject reagent at a rate that it 
determines. The microprocessor continuously logs the oper 
ating data, it also records any instances of unusual condi 
tions. The unusual conditions can be identi?ed, for example, 
by data signal values that are out of a predetermined range 
of expected values. For example, if an exhaust backpressure 
value from the BP sensor reaches an out-of-ordinary range, 
the microprocessor 208 can generate an output message and 
can Write an appropriate data record to a portion of the 
microprocessor memory for later doWnload. The data relat 
ing to the unusual condition can be Written to a reserved 
section of memory that can only be accessed by authoriZed 
users, if data security is a concern. In this Way, all data 
relating to an out-of-ordinary operation is preserved for later 
study. This feature can be especially important for service 
determinations under Warranty, in that an engine operator 
cannot operate the engine in an unauthoriZed manner and 
delete the logged data that Would otherWise provide a record 
of the unauthoriZed operation. 

[0069] As noted above, the microprocessor 208 includes 
output ports that interface to output devices and indicators to 
provide operator alerts 220. It should be understood that one 
output of the microprocessor comprises the control signal 
from the microprocessor 208 to the exhaust reagent injector 
212. In another example, the output ports might interface to 
indicator lights, such as light emitting diodes (LEDs) that 
provide red and green lights to indicate normal operation or 
a system fault, respectively. The LEDs can be installed in the 
dashboard of a motor vehicle, to readily indicate the system 
state to the vehicle operator. 

[0070] The red and green LEDs can be controlled by the 
microprocessor 208 to indicate operating status. For 
example, the microprocessor provides a steady illuminated 
green LED When the apparatus poWer is on and operation is 
normal. The green LED blinks on and off When the micro 
processor commands the addition of reagent to the exhaust 
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stream. A blinking red LED could indicate that one of the 
sensors is either broken or disconnected. A steadily illumi 
nated red LED could indicate that the one or more sensors 
has exceeded the recommended limits at least once (and 
perhaps additional times) since the apparatus Was last reset. 
The steady red LED indicates that continued operation of the 
vehicle might result in adverse consequences to the appa 
ratus, and the operator is advised to immediately seek 
servicing. To ensure proper servicing, the microprocessor 
functions so that a steady red LED light can only be turned 
off through a reset command from a service computer 
connection to the microprocessor. 

[0071] FIG. 3 is a block diagram that shoWs details of the 
FIG. 2 apparatus. The microprocessor 302 receives clock 
timing signals from a real time clock 304. The micropro 
cessor receives data signals from various sensors, such as the 
exhaust catalyst input sensor TC1 In and output sensor TC2 
Out, and the backpressure sensor, and engine RPM. Other 
input data signals can comprise selected sensor voltage 
signals, and a variety of data signals such as an Analog Input 
1, an Analog Input 2, an Input Voltage signal, and the 
aforementioned backpressure signal. The signals can be 
received over a multiplexer (MUX) line, and an additional 
pressure sensor signal (Map) can be received by the MUX 
306 for selecting the input signal. 

[0072] The microprocessor 302 also communicates With a 
vehicle controller area netWork (CAN), as illustrated by the 
CAN microprocessor 308 and CAN interface 310, Which 
connects to a CAN bus. The microprocessor also interfaces 
to an RS232 buffer 312 for data communications and also 
provides a port for connection to a digital-to-analog con 
verter (DAC) 314. The RS232 buffer permits convenient 
communications With a personal computer or any other 
computing device that is capable of communications over 
the Well-knoWn RS232 standard. The microprocessor also 
interfaces to the reagent pump 316 for the exhaust gas 
addition and to the exhaust reagent injector 318. 

[0073] Operation of the microprocessor 302 is poWered by 
the poWer supply 320. Data is stored and read from a 
memory interface 322 that connects the microprocessor to a 
?ash memory chip 324 and to an SRAM chip 326. The 
“Watchdog” block 328 of FIG. 3 refers a circuit or circuits 
Which are used to detect softWare errors identi?ed by 
predetermined conditions (such as an unexpected in?nite 
loop) and to reset the system if they occur. The operator alert 
block 330 refers to output devices intended to alert the 
operator of system operation or malfunction, i.e., the red and 
green LEDs referred to above. The microprocessor also 
should include an interface to a programming port 332 such 
as a Joint Test Access Group (JTAG) connector in conform 
ance With IEEE Standard 1149.1 for communication With 
suitably con?gured programming and test equipment. 

[0074] In another aspect of the illustrated apparatus, the 
softWare is designed for ef?cient use of memory and for 
permanent storage of events that are of interest to the device 
operator or manufacturer to provide convenient data log 
ging. In this aspect, illustrated in FIG. 4, the on-board 
apparatus memory 400 is partitioned into various segments, 
or regions. Asmall portion 402 of the memory stores various 
con?gurable operating parameters, such as the data logging 
interval. The remainder of the memory is divided into three 
more regions. 
















